IMPORTANCE Attention-deficit/hyperactivity disorder (ADHD) affects 39 million people worldwide; in isolation, it doubles annual health care costs and, when associated with comorbid mental health problems, it quadruples the costs.
A ttention-deficit/hyperactivity disorder (ADHD) is a relatively common psychiatric condition characterized by persistent inattention, hyperactivity, and impulsivity. Pooled estimates from meta-analyses suggest that ADHD affects approximately 5.3% of the general population (6.5% of children) and is 4 times more common in boys. 1 In 2013, the World Health Organization estimated that 39 million people worldwide are affected. 2 Attention-deficit/hyperactivity disorder is associated with comorbid conditions, including low self-esteem, mood disorders, substance abuse, learning disabilities, and disruptive behavior disorders. [3] [4] [5] Compared with the costs for unaffected children, the health care costs for children with ADHD are double-quadruple among those with comorbid mental health disorders. 6 The annual health-and workrelated costs of ADHD in the United States total $32 billion. 7 No cure has yet been identified, but symptoms can be managed using medication: methylphenidate hydrochloride, dexamphetamine sulfate, lisdexamphetamine dimesylate, atomoxetine, and guanfacine hydrochloride. Children with ADHD are more prone to difficulties with reading, writing, and executive function, [8] [9] [10] [11] but medication may improve concentration by controlling impulsivity and promoting calmness. 12 In the United Kingdom, ADHD medication use increased 34-fold between 1992 and 2008 13 owing to greater awareness of the condition, more positive perception of medicine, longer maintenance of treatment, and increased use in girls. 14, 15 Use of the medication plateaued thereafter following publication of UK recommendations suggesting that medication should not be used as first-line treatment in children with mild to moderate ADHD. 16 This recommendation is contrary to guidelines from the American Academy of Pediatrics, which recommends medication for all affected children. 17 Previous studies comparing the outcomes of children with ADHD with those of their unaffected peers have been relatively small (most <500 participants), and we are unaware of any previous national studies of educational outcomes. The present study linked, at an individual level, all relevant Scotland-wide administrative databases from the health and education sectors to undertake a large-scale, general population cohort study. We hypothesized that children treated for ADHD would have worse education and health outcomes than their unaffected peers.
Methods

Databases
We linked individual-level data from 4 Scotland-wide health databases, held by the Information Services Division of the National Health Service, and 4 Scotland-wide education databases, held by the Scottish Exchange of Educational Data (ScotXed). The linkage methodology has been described in detail previously. 18 The study was approved by the National Health Service National Services Scotland Privacy Advisory Committee. A data processing agreement was drafted between Glasgow University and the Information Services Division and a data sharing agreement between Glasgow University and ScotXed. Data were deidentified. Both the health and education data operate on the basis of nonwritten informed consent, and have been determined to be consistent with the uses and agreements to which patients, pupils, and parents had consented. The prescribing information system collects information on all prescriptions dispensed to Scottish residents by community pharmacies or primary care. The Scottish Morbidity Record 02 (SMR02) maternity database collects data on maternal, obstetric, and child factors; SMR01 and SMR04 record admissions to acute and psychiatric hospitals, respectively, including dates of admission and discharge, and the main and secondary diseases are recorded using the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10).
The pupil census is conducted annually by all local authority-run primary, secondary, and special schools. The information includes whether the child has a special educational need and, if so, its type. Approved and unapproved absences and exclusions are collected prospectively and appended at the end of each school term. The Scottish Qualifications Authority (http: //www.sqa.org.uk/sqa/70972.html) collects examination attainment data for all Scottish schoolchildren. The School Leaver database (http://www.gov.scot/Topics/Statistics /Browse/School-Education/RollsByStage) collects information on the status of pupils 6 months after leaving school: paid/voluntary employment, higher/further education, training, or unemployment.
Inclusion Criteria, Definitions, and Outcomes
We excluded individuals whose age was recorded as younger than 4 years or older than 19 years in the pupil census. For multiple births involving offspring of the same sex, it is not possible to be certain that the correct child has been linked; therefore, this study was restricted to singleton children. We used prescribing information system data to identify children who had been dispensed 1 or more medication approved solely for the treatment of ADHD on at least 1 occasion over the same pupil census year: methylphenidate, dexamphetamine, atomoxetine, or lisdexamphetamine. Therefore, the exposed group comprised singleton children who attended a Scotland school at some point between September 21, 2009 , and September 18,
Key Points
Question Do schoolchildren treated for attention-deficit/ hyperactivity disorder have worse education and health outcomes than their peers?
Findings In this population-based cohort study, 766 244 singleton children attended Scottish schools between 2009 and 2013. The 7413 children receiving medication for attention-deficit/hyperactivity disorder had worse education outcomes (unauthorized absence, exclusion, special educational need, lower academic attainment, left school earlier, and higher unemployment) and health outcomes (hospitalizations overall and for injury).
Meaning Even with medication, children with attention-deficit/ hyperactivity disorder fare worse than their peers across a wide range of outcomes relating not only to education but also health.
2013, and received at least 1 medication for ADHD during that time. The comparison group was the same except that the children did not receive ADHD medication.
We studied 6 educational outcomes: total number of days of unauthorized absence, total number of exclusions, any record of special educational need, type of special educational need, academic achievement, and unemployment. Analyses of the latter 2 outcomes were restricted to the subgroup of pupils who left school during the study period. In addition, absence and exclusion data were available only for 2009, 2010, and 2012.
Special educational need is defined as being unable to benefit fully from school education without help beyond that normally given to schoolchildren of the same age. We included special educational need attributed to intellectual disabilities, dyslexia, physical or motor impairment, language or speech disorder, autistic spectrum disorder, and social, emotional, and behavioral difficulties. A child could be recorded as having more than 1 of these types of need. Academic achievement was derived from the number of awards attained at each level of the Scottish Credit Qualifications Framework and converted into an ordinal variable: low attainment (≥1 at level 2, <5 at level 3, or <2 at level 4), basic attainment (≥5 at level 3, ≥2 at level 4, or ≤4 at level 5), broad general attainment (>7 at level 4, >5 at level 5, or <3 at level 6), and high attainment (>1 at level 7 or ≥3 at level 6). Leaver destination was collapsed into a dichotomous variable of education/employment/training or unemployment. We studied 2 health outcomes: any hospital admission and hospital admission due to injury (ICD-10 codes S00-T98). Data on acute and psychiatric hospital admissions were available until September 21, 2014, providing a mean follow-up period of 3.81 years (range, 1 day to 5 years).
The pupil census provided data on the child's ethnicity and age. Area socioeconomic deprivation was derived from postcode of residence using the Scottish Index of Multiple Deprivation 2012 (SIMD) (http://www.gov.scot/Topics/Statistics/ SIMD/BackgroundMethodology), and children were allocated to general population quintiles. The SIMD is derived from 38 indicators across 7 domains (income, employment, health, housing, geographic access, crime and education, and skills and training) using information collected for data zones of residence (median population, 769). Retrospective linkage to SMR02 provided data on maternal age at delivery, parity, maternal smoking, gestational age at delivery, mode of delivery, and 5-minute Apgar score. We also derived sex-and gestationspecific birthweight centiles as a measure of intrauterine growth. Comorbid diabetes, asthma, epilepsy, and depression were ascertained from relevant dispensed medication: insulin, corticosteroid inhalers, antiepileptic medication, and antidepressants. All of the above factors were treated as potential confounders. We also explored age, sex, and deprivation as potential effect modifiers. We tested for statistical interactions and, where significant, undertook subgroup analyses.
Statistical Analysis
The characteristics of children receiving ADHD medication were compared with their peers using χ 2 tests for categorical data and χ 2 tests for trend for ordinal data. Leaver status and academic attainment were analyzed using binary and multinomial logistic regression analyses. Special educational need, absences, and exclusions were analyzed using generalized estimating equations to adjust for correlations between repeated observations relating to the same pupil across different census years. The user-written quasi-likelihood under the independence model criterion (QIC) statistic was used to compare different correlation structures. The structure with the lowest trace QIC was selected as being the most appropriate. The number of days absent and number of exclusions were modeled using univariate and multivariable longitudinal generalized estimating equations analyses with a negative binomial distribution and log link function. The total number of possible attendances recorded within each census year was used as an offset variable to adjust for exposure time for each pupil. Special educational need was modeled using generalized estimating equation analyses with a binomial distribution and logit link. Associations between ADHD medication use and unemployment (univariate and multivariable binary logistic regression model), academic attainment (univariate and multivariable ordinal logistic regression model), and time to hospital admission (univariate and multivariable Cox proportional hazards regression model) were investigated. All multivariable models were run adjusting for sociodemographic and maternity confounders and then rerun also adjusting for comorbid conditions. For academic attainment and unemployment, we reran the multivariable models including absenteeism to explore whether absenteeism was a mediator. For academic attainment and unemployment, we also reran the models excluding children with special educational needs. Tests for proportional hazards were conducted using the estat phtest command within Stata. All statistical analyses were undertaken using Stata MP, version 14.1 (StataCorp). Data analysis was performed from June 1, 2015, to December 6, 2016.
Results
Between 2009 and 2013, 766 244 singleton children attended Scottish schools; of these, 7413 (1.0%) received ADHD medication. Treated children were more likely to be male, socioeconomically deprived, and have a mother who was younger, parous, and smoked during pregnancy ( Table 1) . Children receiving ADHD medication were born at an earlier gestational age and had a lower sex-and gestation-specific birthweight centile and lower APGAR scores ( The subgroup analyses of absences and exclusion included 702 210 children. Children receiving ADHD medication had more days of unauthorized absence ( Table 2) . There were significant interactions with age (χ 2 = 69.22; P < .001) and deprivation (χ 2 = 50.71; P < .001). The association was stronger among older and less deprived children ( smaller relative effect on deprived children was due to higher levels of absence among deprived children not receiving ADHD medication (medians, 11.0 and 5.5 days in the most and least deprived quintiles, respectively). Among children receiving ADHD medication, absences were still more common in the most deprived quintile (medians, 12.0 vs 6.5 days). Use of ADHD medication was associated with higher numbers of exclusions from school in univariate (incidence rate ratio [IRR], 10.30; 95% CI, 9.73-10.90) analysis and adjusted for sociodemographic and maternity confounders; adjustment for comorbid conditions attenuated the association, but it remained (IRR, 5.82; 95% CI, 5.47-6.18; and IRR, 5.79; 95% CI, 5.45-6.16, respectively). There were significant interactions with sex (χ 2 = 57.52; P < .001), age (χ 2 = 286.98; P < .001), and deprivation (χ 2 = 149.07; P < .001). The association was stronger in girls and affluent areas and decreased with age ( Figure 1) . Among children not receiving ADHD medication, 10 569 (6.7%) Table 3) . There was a significant interaction with sex (χ 2 = 13.9; P < .001); the association with poor attainment was stronger among girls ( Table 3) . The association remained after adjustment for absenteeism (fully adjusted OR, 4.03; 95% CI, 3.56-4.55) and when children with special educational needs were omitted (fully adjusted OR, 2.60; 95% CI, 2.19-3.08).
In the subgroup analyses of 217 924 children, children with treated ADHD were at higher risk of unemployment (Table 3) . There was a significant interaction with sex (χ 2 = 7.25; P = .007),
with the association being stronger in girls (Table 3) . There was also a significant interaction with deprivation (χ 2 = 28.3; P < .001) whereby the association was strongest among less deprived children. Again, this association was due to higher baseline unemployment among the most deprived children ( . Children with treated ADHD remained at higher risk of unemployment after adjusting for absenteeism (fully adjusted OR, 1.42; 95% CI, 1.27-1.58) and after omitting children with special educational needs (fully adjusted OR, 1.28; 95% CI, 1.08-1.52). Linkage to hospital records provided 2.92 million personyears of follow-up, with 157 475 pupils experiencing a total of 306 416 hospital admissions. Treatment for ADHD was associated with an increased risk of any hospital admission on univariate analysis (hazard ratio [HR], 1.47; 95% CI, 1.40-1.54) and following adjustment for sociodemographic and maternity confounders (HR, 1.33; 95% CI, 1.27-1.39) and other comorbid conditions (HR, 1.25; 95% CI, 1.19-1.31). There was a significant interaction with sex (P < .001), with the association being stronger in girls (fully adjusted HR, 1.49; 95% CI, 1.33-1.65) than boys (fully adjusted HR, 1.24; 95% CI, 1.18-1.31). The most common reason for hospital admission was injury, which accounted for 41 765 (13.6%) admissions. Treatment for ADHD was associated with an increased risk of hospital admission for injury on univariate analysis (HR, 2.06; 95% CI, 1.90-2.24) and following adjustment for sociodemographic and maternity confounders (HR, 1.60; 95% CI, 1.47-1.74) and other comorbid conditions (HR, 1.52; 95% CI, 1.40-1.65). Again, there was an interaction with sex (P = .02), with the association with hospital admission for injury being stronger in girls (fully adjusted HR, 1.83; 95% CI, 1.46-2.29) than boys (fully adjusted HR, 1.49; 95% CI, 1.37-1.63).
Discussion
Children treated for ADHD had worse educational outcomes: they left school at an earlier age, took more unauthorized absences, were more likely to be excluded from school, were at higher risk of special educational needs, performed more poorly in examinations, and were more likely to be unemployed after leaving school. Academic attainment was worse even among children treated for ADHD who did not have special educational needs, and the worse academic attainment and higher risk of employment were not simply due to higher absenteeism. These children also had worse health outcomes, being more likely to be hospitalized overall and specifically as a result of injury. All of these associations were independent of confounders relating to socioeconomic status, pregnancy, delivery, and comorbid conditions. Although girls were less likely to be treated for ADHD, those who were treated fared worse than treated boys in association with exclusion, special educational needs, academic attainment, unemployment, and hospitalization. A previous review concluded that girls are more likely to present with inattention and boys with hyperactivity; girls have lower selfefficacy, poorer coping strategies, and higher rates of depression and anxiety. 19 Girls are both less likely to be referred for treatment and less likely to use prescribed medication. 19, 20 The relative effect of treated ADHD on education was less in deprived areas. However, this finding was due to unaffected children living in deprived areas already having worse outcomes. To our knowledge, this is the first nationwide study to compare educational outcomes of children with treated ADHD with their unaffected peers; with 7413 children treated for ADHD, this investigation is more than 20 times larger than previous studies reporting similar educational outcomes. [21] [22] [23] [24] The only previous national study of health outcomes that we are aware of focused on severe ADHD ascertained from psychiatric hospitalizations; linkage of 1.9 million Danish births to death records revealed an all-cause mortality ratio of 2.07, but no other health outcomes were studied. 12 Smaller studies have reported higher rates of injury among children with ADHD.
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Strengths and Limitations
Ours was a large, nonselective study that included children across the entirety of Scotland. Because children were identified from school rather than health records, inclusion was not restricted to more severe cases. We were able to adjust for a range of potential confounders: sociodemographic, maternity, and comorbidities. However, as with any observational study, there is always a potential for residual confounding. The large size of the study provided sufficient power to test for statistical interactions and undertake subgroup analyses where appropriate. We were able to analyze a wide range of outcomes in the same study covering both the educational and health sectors. In Scotland, the childhood prevalence of ADHD is approximately 5%; however, the proportion diagnosed and treated ranges from 0.2% to 1.2% by region. 28 Our study prevalence of 1% is consistent with these figures. However, the published figures suggest that 70% to 96% of Scottish children with ADHD do not receive medication. Therefore, our exposed group will have comprised children with more severe forms of ADHD, and the comparison group will have included some less severe and undiagnosed cases. The study included only local authority-maintained schools; this should not have affected our findings since only 5% of children in Scotland attend private schools. According to the 2011 Scottish Census, 11% of Scottish residents aged 5 to 19 years were born outside of Scotland; this percentage is consistent with the 12.3% of Scottish children who could not be linked to Scottish maternity records in our study. The prevalence of ADHD medication was 0.86% in pupils who could not be linked and 0.97% in those who could be linked, suggesting that bias is unlikely. The study used existing administrative databases established for other purposes. However, these databases undergo regular quality assurance checks. The linkage of education and health records relied on probabilistic matching. A previous validation study demonstrated that this method was 99% accurate for singletons. 22 
Conclusions
Children treated for ADHD had worse outcomes in association with both education and health. Girls were less likely to be treated for ADHD, but those who were treated had worse outcomes than boys. The magnitude of the effect of ADHD was less among children living in deprived areas because children in these areas already had worse educational and health outcomes irrespective of whether they had ADHD. 
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